Background: Several inflammatory response biomarkers, including lymphocyte-to-monocyte ratio (LMR), neutrophil-to-lymphocyte ratio (NLR), and platelet-to-lymphocyte ratio (PLR) have been reported to predict survival in various cancers. The aim of this study is to evaluate the clinical value of these biomarkers in patients undergoing curative resection for esophageal cancer.
Background
It is now widely recognized that host-related factors, such as performance status, weight loss, smoking, and comorbidity, as well as the biological properties of individual tumors, play an important role in cancer outcomes [1] . Recent studies have shown that preoperative inflammation-based prognostic scores have a significant predictive and prognostic value in various types of cancers [2] [3] [4] . A systemic inflammatory response has been reported to be associated with tumor development, apoptosis inhibition, and angiogenesis promotion, thus resulting in tumor progression and metastasis [5, 6] . Furthermore, significant relationships between patient survival and the lymphocyte-to-monocyte ratio (LMR), neutrophil-to-lymphocyte ratio (NLR), and plateletto-lymphocyte ratio (PLR) have been documented in various cancers [7] [8] [9] . However, only a few studies have evaluated the utility of inflammation-based scores for assessing the prognosis of patients with esophageal cancer.
The aim of the present study was to evaluate whether the LMR, NLR, and PLR have prognostic values independent of conventional clinicopathological features in patients undergoing a potentially curative resection for esophageal cancer. Additionally, this study stratified patients into two age groups, elderly patients aged 70 years or older and patients aged under 70 years, because esophageal cancer occurs predominantly in elderly people and age-specific prognostic factors in patients with esophageal cancer have not yet been identified.
Methods

Patients
We retrospectively reviewed a database of medical records from 147 consecutive patients who underwent curative esophagectomy with R0 resection for histologically verified esophageal squamous cell carcinoma between January 2006 and February 2015 at Shimane University Faculty of Medicine. R0 resection was defined as a complete resection without any microscopic resection margin involvement. Video-assisted or thoracoscopic subtotal esophagectomy with three-field lymph node dissection was performed in all patients, followed by laparoscopic gastric surgery with an elevation of the gastric conduit to the neck via the posterior mediastinal or a retrosternal approach with an end-to-end anastomosis of the remnant cervical esophagus and fundus of the gastric conduit. The patients' clinical characteristics, laboratory data, treatment, and pathological data were obtained from medical records. Preoperatively, no patients had clinical signs of infection or other systemic inflammatory conditions. Based on the age distribution of the patients, they were subdivided into two groups in this study: patients <70 years (non-elderly group) and patients ≥70 years (elderly group). We evaluated cancerspecific survival (CSS), with the cause of death determined from case notes or computerized records.
This retrospective study was approved with the ethical board of Shimane University Faculty of Medicine, and was conducted in accordance with the Declaration of Helsinki. Informed consent was obtained from all individual participants included in the study.
Blood sample analysis
Data on preoperative complete blood cell (CBC) counts were retrospectively extracted from patient medical records. Only patients with available preoperative CBC count and blood differential data were included in the study. All white blood cell and differential counts were obtained within 1 week prior to surgery. CBC was measured using ethylenediaminetetraacetic acid-treated blood, and analyzed using an automated hematology analyzer XE-5000 (SYSMEX K1000 hematology analyzer; Medical Electronics, Kobe, Japan). Absolute counts of lymphocytes, monocytes, and platelets were obtained from CBC tests.
LMR, NLR, and PLR evaluations
The LMR was calculated from a routinely performed preoperative blood cell count as the absolute lymphocyte count divided by the absolute monocyte count. White blood cell count data were analyzed in the general routine laboratory of our hospital. The NLR was calculated as a simple ratio between the absolute neutrophil and absolute lymphocyte counts, as provided by the differential white blood cell count. The PLR was calculated from the differential count by dividing the absolute platelet count by the absolute lymphocyte count.
TNM stage
The pathological classification of the primary tumor, degree of lymph node involvement, and presence of organ metastasis were determined according to the TNM classification system [10] .
Statistical analysis
Means and standard deviations were calculated, and differences between groups were evaluated using a Student's t-test. Differences between categories of each clinicopathological feature were analyzed using a Chi-square (χ 2 ) test. We determined the optimal cut-off levels of the LMR, NLR, and PLR by applying receiver operating curve (ROC) analysis. Regarding LMR, the area under curve (AUC) was 0.69 for CSS. A value of 4.0 was chosen as the cut-off level for LMR for CSS as associated with a high sensitivity and specificity for CSS (62.5 and 71.3 %, respectively). Regarding NLR, the AUC was 0.58 for CSS. A value of 1.6 was chosen as the cut-off level for NLR for CSS as associated with a sensitivity and specificity for CSS (57.5 and 66.3 %, respectively). Regarding PLR, the AUC was 0.65 for CSS. A value of 147 was chosen as the cut-off level for PLR for CSS as associated with a high sensitivity and specificity for CSS (59.6 and 68.4 %, respectively). The patients with LMR, NLR, and PLR greater than these cutoff values were considered to have high LMR, NLR, and PLR, respectively; the remaining patients were considered to have low LMR, low NLR, and low PLR. CSS was calculated using Kaplan-Meier analysis, and differences between the groups were assessed by a log-rank test. Additionally, prognostic factors associated with decreased survival rates were determined using Cox regression analysis.
Univariate analyses were performed to determine which variables were associated with CSS. Variables with a p-value <0.05 in univariate analysis were subjected to multivariate logistic regression analysis. The potential prognostic factors for esophageal cancer were as follows: age (<70 vs. ≥70 years); sex (female vs. male); pStage (I, II vs. III); tumor size (<3 cm vs. ≥3 cm); operation time (<600 vs. ≥600 min); intraoperative blood loss (<5 00 mL vs. ≥500 mL); LMR (≥4 vs. <4); NLR (≥1.6 vs. <1.6); PLR (<147 vs. ≥147); weight loss (No vs. Yes: Weight loss was defined as more than 5 % decreasing in the body weight in the last 3 months preceding operation); and serum squamous cell carcinoma (SCC) antigen value (<1.5 vs. ≥1.5). Medical records were retrospectively reviewed to examine these factors.
All statistical analyses were performed using the statistical software JMP (version 11 for Windows; SAS Institute, Cary, NC, USA), and p-values <0.05 were considered statistically significant.
Results
Relationships between LMR, NLR, PLR, and clinicopathological features in patients with esophageal cancer
The relationships between LMR, NLR, PLR, and clinicopathological features in 147 patients with esophageal cancer are shown in Table 1 .
Significant correlations were observed between the LMR and factors such as lymphocyte count (p < 0.0001), monocyte count (p < 0.0001), tumor size (p = 0.014), tumor depth (p = 0.0007), and TNM pStage (p = 0.0002). The NLR was significantly correlated with neutrophil count (p < 0.0001), lymphocyte count (p < 0.0001), and tumor depth (p = 0.002). Furthermore, significant correlations were observed between the PLR and lymphocyte count (p < 0.0001), platelet count (p < 0.0001), and tumor location (p = 0.042). It is notable that a low LMR was significantly correlated with more advanced TNM pStage, while the NLR and PLR showed no significant associations with TNM pStage. (Table 2) .
Relationships between LMR, NLR, PLR, and clinicopathological features in non-elderly patients with esophageal cancer
The relationships between LMR, NLR, PLR, and clinicopathological features in non-elderly patients (younger than 70 years) are shown in Table 3 (Table 4) .
Relationships between LMR, NLR, PLR, and clinicopathological features in elderly patients with esophageal cancer
The relationships between LMR, NLR, PLR, and clinicopathological features in elderly patients (70 years or older) are shown in Tables 5. Significant correlations were observed between the LMR and such factors as lymphocyte count (p < 0.0001), monocyte count (p = 0.0001), and serum SCC antigen (p = 0.0342). The NLR was significantly correlated with factors such as WBC (p = 0.0146), age (p = 0.012), lymphocyte count (p < 0.0001), and neutrophil count (p = 0.0009). Furthermore, significant correlations were observed between the PLR and lymphocyte count (p < 0.0001) as well as platelet count (p = 0.0009). In elderly patients, univariate analysis demonstrated that that TNM pStage (p = 0.0023) was the only significant risk factor for a poor prognosis (Table 6 ).
Postoperative CSS based on LMR, NLR, and PLR in all patients with esophageal cancer
Patients with a low LMR had a significantly poorer prognosis in terms of CSS than those with a high LMR (p = 0.0006). In contrast, patients with a high PLR had a significantly poorer prognosis than those with a low PLR (p = 0.0169), whereas no significant differences in CSS were observed between patients with a low or high NLR (p = 0.3214; Fig. 1a-c) .
Postoperative CSS based on LMR, NLR, and PLR in non-elderly patients with esophageal cancer
Patients with a low LMR had a significantly poorer prognosis in terms of CSS than those with a high LMR (p < 0.0001). In contrast, patients with a high PLR had a significantly poorer prognosis than those with a low PLR (p = 0.0172), whereas no significant differences in CSS were observed between patients with a low or high NLR (p = 0.3714; Fig. 2a-c) .
Postoperative CSS based on LMR, NLR, and PLR in elderly patients with esophageal cancer
In the elderly group, no significant differences in CSS were observed between patients with either low or high LMR (p = 0.4700), NLR (p = 0.9698), or PLR (p = 0.5386; Fig. 3a-c) .
Discussion
Pathological features, including tumor stage, nodal status, and resection margin, are considered important in determining cancer patient survival [11] . However, it is now clear that cancer survival is not solely determined by tumor pathology; indeed, recent studies have shown that preoperative inflammation-based prognostic scores can predict the overall survival of patients with various types of cancers [2] [3] [4] . In the present study, we retrospectively analyzed the clinical data of patients undergoing a potentially curative resection for esophageal cancer to determine whether the LMR, NLR, and PLR have prognostic values according to each TNM pStage. The results demonstrated that the LMR can be used as a novel predictor of postoperative CSS in patients with esophageal cancer after curative esophagectomy. Additionally, univariate analyses revealed that a low LMR was a significant risk factor for poor prognosis in stage III patients, whereas no prognostic factor was detected in patients with stage I or II cancer. Interleukin-6 (IL-6) is a multifunctional inflammatory cytokine that triggers the proliferation and differentiation of a variety of cell types, including immune competent cells and hematopoietic cells. IL-6 induces not only neutrophil proliferation, but also the differentiation of megakaryocytes to platelets, and these events are similar to those underlying the systemic inflammatory response (SIR) [12, 13] . Theoretically, dynamic changes in the SIR resulting from tumor-host interactions are best estimated by directly measuring the serum IL-6 level. However, routine measurement of IL-6 in cancer patients in the clinical setting is expensive and inconvenient. On the other hand, the LMR, NLR, and PLR are based on blood cell components whose levels are regulated by cytokines, most notably, IL-6; these blood cell components proliferate and differentiate immediately after inflammatory cytokine release [14] . Moreover, measurement of the LMR, NLR, and PLR is easy, convenient, and cost-effective and therefore can be performed routinely.
In this study, we examined the prognostic significance of the LMR, NLR, and PLR in both elderly and non- LMR lymphocyte to monocyte ratio, NLR neutrophil to lymphocyte ratio, PLR platelet lymphocyte ratio elderly patients undergoing thoracoscopic esophagectomy for esophageal cancer. Esophageal cancer is the eighth most common cancer and the sixth most common cause of cancer deaths worldwide [15] . It occurs predominantly in elderly people, and the average age at the time of diagnosis continues to rise, with a peak incidence between 70 and 75 years of age [16] . Because agespecific prognostic factors in patients with esophageal cancer have not yet been described, we divided patients into two age groups in order to determine the agespecific prognostic values of the LMR, NLR, and PLR. The reason we chose a cut-off value of 70 years is because "elderly" is typically defined as a patient aged over 70 years in a plurality of studies on elderly patients with esophageal cancer [17] [18] [19] . Platelets are a key element linking the processes of hemostasis, inflammation, and tissue repair. Previous studies have shown that proinflammatory mediators stimulate megakaryocyte proliferation and are responsible for platelet production [20, 21] . Consequently, platelet activation causes angiogenic growth factor release as well as platelet adherence to tumor microvessels and extravasation via increased vascular permeability; this process leads to platelet activation [22, 23] . Lymphocytes can cause systemic inflammation by releasing numerous inhibitory immunologic mediators, particularly interleukin-10 and transforming growth factor-ß, which may consequently cause suppression of antitumor immunity via decreased regulatory T cell levels [6] . Accordingly, there is increasing evidence that lymphocytes are essential for antitumor immune reactions owing to several mechanisms, including the ability to enhance tumor cell apoptosis, inhibition of tumor cell proliferation, and promotion of metastasis [24] . Neutrophils are known to not only produce angiogenic cytokines, but have also been shown to generate matrix metalloproteinase-9, which induces an angiogenic state in cancer cells [25] .
Based on such inflammatory responses, systemic inflammatory markers such as the LMR, NLR, and PLR have been shown to predict mortality and recurrence in a variety of cancers, but their role in esophageal cancer remains controversial [7, 20, 26] .
We revealed that a low LMR in patients with esophageal cancer was significantly correlated with more advanced TNM pStage (p = 0.0002), but a low LMR was found to be independently associated with poor prognosis via multivariate analysis (HR, 2.372; p = 0.0129), as determined by Kaplan-Meier analysis and a log-rank test (p = 0.0006). A definitive explanation for our findings remains speculative. Monocytes are known to promote tumorigenesis and angiogenesis through local immune suppression and stimulation of tumor neovasculogenesis [25] . Moreover, tumor-associated macrophages developing from mononuclear cell lineages have been demonstrated to be able to inhibit cancer progression and spread of metastatic tumors [27, 28] . This could explain why an elevated monocyte count confers poor clinical outcomes in various types of cancers [29] . A poor prognosis was observed in patients with a low LMR in this study, which is reasonable because both lymphopenia and monocytosis induce immune suppression, as mentioned above. Moreover, the results of subgroup analysis revealed that the preoperative LMR was the most significant prognostic factor in non-elderly patients (HR, 4.553; p = 0.0007), as determined by KaplanMeier analysis and a log-rank test (p < 0.0001), but not in elderly patients. The present study may have failed to demonstrate a prognostic significance of the LMR in elderly patients because these patients were more likely to have advanced age-related conditions that cause immune suppression. Further investigations are required to elucidate the precise mechanisms that affect the prognosis of esophageal cancer patients.
Changes in platelet count and platelet function have been identified as part of a paraneoplastic syndrome in LMR lymphocyte to monocyte ratio, NLR neutrophil to lymphocyte ratio, PLR platelet lymphocyte ratio many cancers [30] , and a high platelet count was found to be closely associated with TNM pStage, metastasis, as well as a high risk of recurrence in many types of cancer [31, 32] . Consequently, the PLR may act as a marker of the balance between host inflammatory and immune responses. However, to the best of our knowledge, the relationship between the PLR and esophageal cancer has not yet been described. We therefore focused on the PLR and CSS in esophageal cancer patients. Although univariate analysis demonstrated that the PLR was a significant risk factor for poorer CSS, as determined by Kaplan-Meier analysis and a log-rank test (p = 0.0169), multivariate analysis failed to confirm that the PLR was a significant predictor of CSS. Similarly, in non-elderly patients, univariate analysis demonstrated that the PLR was a significant risk factor for poorer CSS (p = 0.0172), but this significance was lost when analysis was confined to elderly patients. Recent studies have demonstrated that termed combination of platelet count and mean platelet volume is a predictor for postoperative survival in esophageal cancer patients [33] . Further studies are necessary to examine the role of these inflammatory biomarkers in various types of cancers. The NLR has been reported to be highly promising in stratifying the outcome in large cohorts of patients with cancer [34, 35] . The relationship between the NLR and prognosis is probably complex and remains unclear. Recently, many studies have shown that a high NLR may indicate an impaired host immune response to the tumor [36] . In this study, the NLR did not affect the prognosis of esophageal cancer patients following curative resection, which may be due to the small retrospective sample size and short follow-up duration of the study. However, other components of the systemic inflammatory response, including cytokines and chemokines, have proven prognostically important in some studies [37] . There were several potential limitations that warrant consideration in our study, which include singleinstitution retrospective analysis, short follow-up periods, and a small sample size, especially elderly patients. Furthermore, we excluded patients who had received adjuvant chemotherapy and/or radiotherapy, which may have influenced our analysis. Thus, large, prospective, randomized controlled trials are needed to confirm these preliminary results. In addition, the amount of weight loss are well-known prognostic factors for various types of cancers. Minimal weight loss and a good performance status are considered favorable prognostic factors. Needless to say significant weight loss may impact bone marrow function as well as the patient's ability to mount a hosttumor response. But we could not reveal that weight loss were proven to be independent prognostic factors in esophageal cancer, because our study is retrospective analysis, and data about the weight loss are insufficient.
Conclusion
In conclusion, our study demonstrated that the LMR and PLR were associated with CSS of esophageal cancer patients after curative esophagectomy. Moreover, the results of subgroup analysis revealed that the preoperative LMR and PLR were the most significant prognostic factors in non-elderly patients, as determined by Kaplan-Meier analyses and log-rank tests. In particular, a low LMR was a significant and independent predictor of poor survival. In non-elderly patients, a low LMR was also an independent risk factor for a poorer prognosis. The LMR and PLR are convenient, cost effective, and readily available as a part of routine complete blood counts, and could thus act as markers of survival in this malignancy.
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